The study aimed at the evaluation of the quality of bottom sediments and evaluation of potential threat to the aquatic environment. Cadmium, cobalt, chromium, copper, nickel, lead, zinc and mercury concentration in the separate layers of the sediments in the pond at Żelisławiec decreased with the depth of bottom sediments. On the other hand, the highest concentrations of the studied elements occurred in the deepest layer of sediments in the pond at Stare Czarnowo. The level of the potential ecological risk (PER) for the sediments of the Żelisławiec pond classifies them as sediments with low quality of the potential ecological risk, whereas the sediments from the pond at Stare Czarnowo are classified as moderate level of the potential ecological risk. In both ponds, the highest I geo values were reported for zinc and lead.
INTRODUCTION
Bottom sediments constitute an integral part of the aquatic environment. They are the location of accumulation and chemical transformations of numerous compounds that penetrate to waters. The majority of heavy metals with low solubility and hardly degradable are introduced to the environment as a result of human activity and penetrates to surface waters, where they are accumulated in sediments. Thus, sediments contaminated with trace metals constitute a serious threat to the biosphere. Part of the harmful substances contained in aquatic sediments can be transferred to water as a result of chemical and biochemical processes and become available to living organisms [Baran and Tarnawski 2013; Bojakowska 2001 ; Szydłowski and Podlasińska 2016b] . Trace metals present in water are very rapidly cumulated in bottom sediments as a result of precipitation, sedimentation of insoluble substances and sorption by the loamy components of the sediments [Tarnawski 2012 ]. The quality of bottom sediments depends i.a. on the level of eutrophication of the water body, depth and on numerous factors related primarily to the lithological structure of the basin, soil type, terrain and management of the basin [Tarnawski 2012 ; Trojanowski and Antonowicz 2005] . In particular, agricultural areas are the areas, from which considerable amounts of substances dissolved in the process of water circulation are transferred [Krasowska and Banaszuk 2015] . In many cases, the knowledge of chemical composition of sediments is the better indicator of the quality of aquatic environment than the understanding of the more changeable water chemical composition. The knowledge of heavy metal content in sediments constitutes valuable material for the description of the sources, rate and ways of distribution of heavy metals in a water body, and it constitutes the basis for the determination of the possible repeated contamination of the waters of small water bodies [Sidoruk and Potasznik
• aquatic sediment quality classification used by the Polish Geological Institute [Bojakowska 2001 ], • index-Emgeoaccumulation (Igeo) [Müller 1981 (Table 1) .
For the evaluation, geochemical background was used, provided by the Polish Geological Institute [Bojakowska&Sokołowska 1998 ].
In order to determine significance of the differences between the studied layers of sediments and the measurement points, Tukey's test was performed and the Pearson's linear correlation coefficient was calculated. All NIR and R values significant at the level of p≤0.05 were expressed directly in the text.
RESULTS AND DISCUSSION
The obtained results of bottom sediment study in ponds of Stare Czarnowo and Żelisławiec are presented in Tables 2 and 3 . Bottom sediments of the ponds were characterized by low pH values, which in H 2 O (active acidity) remained in the range from 4.86-5.47 (Żelisławiec) and 4.53-5.76 (Stare Czarnowo) ( Table 2 ). The value of the C:N ratio depends on the chemical composition of the organic material deposited in the bottom sediments of water bodies. Low values occur, when the organic matter is rich in proteins (4 to 10 ratio), whereas high values of the C:N ratio (above 20) characterize organic matter, the source of which are macrophytes and higher plants [Daniszewski 2012 ]. The conducted study demonstrated low variability of total carbon to total nitrogen ratio in the individual measurement points. This is reflected in the calculated values of The study aimed at the evaluation of the quality of bottom sediments and evaluation of potential threat to the aquatic environment.
MATERIAL AND METHODS
For the study, two ponds located near the village of Żelisławiec (14°40'0.39"E, 53°16 '10.64"N) and Stare Czarnowo (14°46'6.66"E, 53°16'4.18"N) were selected for the study, with the following water surface, respectively: 0.72 and 0.45 ha. The study objects are located in the agriculturally used basins, where wheat (Żelisławiec) and rape (Stare Czarnowo) were cultivated. The pond basins have considerably different sizes -200 and 18.94 ha, respectively for Żelisławiec and Stare Czarnowo.
Sediment samples were collected from a boat with KC Denmark Kajak Sediment Core sampler, once in the autumn (2014), in two different points of the ponds in Żelisławiec (Z-1; Z-2) and in Stare Czarnowo (S-1; S-2), assuming, that these constituted the areas with the largest sedimentation of the finest sediments. The sediments were collected from the following layers: 0-5 cm, 5-20 cm for the pond at Żelisławiec and additionally 20-30 from the pond at Stare Czarnowo.
The obtained soil material was prepared following the procedures used in soil science, and the analyzes were conducted in the particle fraction below 1 mm. The total element content, i.e.: Cd, Co, Cr, Ni, Pb, Zn were determined using atomic absorption spectrophotometer ASA ICE 3000 Thermo Scientific after a prior mineralization of the sediments in a mixture (5:1) of concentrated acids HNO 3 (65%) and HClO 4 (60%). Hg content was determined using AMA 254 analyzer. The precision of the used methods and analytical procedures was assessed on the basis of certified reference materials: sediments (Metals of sediment CRMO 15-050) and loamy sand (Loamy Sand 4 CRMO 36-050).
The obtained results were statistically elaborated using the Statistica 12.0 software. For the obtained results, the Shapiro-Wilk test of normality was used (p≤0.05), which confirmed the normality of the result distributions.
Using the maximum values of heavy metal concentrations in the analyzed samples, an evaluation of the contamination of small water bodies was conducted using the following methods:
the C:N ratio ( Table 2 ).Sediments of the pond at Żelisławiec were characterized by narrow ranges, whereas in sediments of the Stare Czarnowo pond a wider range of C:N ratio was found.
According to Januszkiewicz [1980] , chemical transformations that occur in sediments cause considerably higher losses of C than N, and on the basis of C:N ratio it is possible to determine possible rate of sediment mineralization. Low C:N ratios demonstrate higher organic matter mineralization. The lower the ratio, the higher mineralization level [Trojanowski and Antonowicz 2005] .
Higher total carbon was determined in the sediments of the pond in Stare Czarnowo (7.36-13.62%), than in the Żelisławiec pond (3.00-7.12%). The highest amount of organic matter was observed in the S-2 measurement point in the youngest layer -30.11%. In all studied points, the highest amount of carbon and organic matter was found in the top layer (W1). The calculated Pearson's linear correlation coefficient (p<0.05) demonstrated highly statistically significant negative correlation (−0.961) between pH, and total carbon content.
The chemical analysis of separate layers of bottom sediments of ponds demonstrated higher accumulation of the examined heavy metals in the top layer 0-5 cm in Żelisławiec for cadmium, cobalt, chromium, copper, nickel, lead, zinc and mercury (Table 3) . Their concentration in the separate layers decreased with the depth of the sediments (Table 3 ). The cause for the accumulation of higher amounts of the examined elements in the youngest layer (0-5 cm) is the increase of farming intensification [Szydłowski 2014; Brysiewicz et al. 2013] . On the other hand, higher concentrations of the examined elements in deeper layers of the sediment (20-30 cm) in the Stare Czarnowo pond (S-1) are linked to the higher supply of substances contaminating the waters in previous years. 82.42 times higher cadmium concentrations were determined for the youngest layer (the top layer) than the layer located below. On the other hand, in the sediments of the pond in Stare Czarnowo, the highest concentrations of the studied elements occurred in the deepest layer (20-30 cm). Only in the case of mercury, sedi- Explanation: * -below the limit of quantification ments of the pond contained higher concentrations in the top layer (0-5 cm). Mean cobalt, chromium, copper, nickel and lead concentrations reported for both ponds and cadmium in the Stare Czarnowo pond (S-1 point) were higher than the biochemical background provided by Bojakowska and Sokołowska [1998] for these metals in aquatic sediments, which are for cadmium <0.5; cobalt 2; chromium 5; copper 6; mercury <0.05; nickel 5; lead 10 and zinc 48 mg⋅kg Cadmium concentrations in the studied bottom sediments ranged from <0.005 mg (limit of quantification) to 0.73 mg⋅kg -1 and these were lower than determined by Szydłowski ) located in the Szczecin agglomeration and higher than the concentration range of the lakes of the Kashubian Lake District (1-8 mg⋅kg ) [Bojakowska and Sokołowska 1998 ].
Considering the mean chromium concentration in bottom sediments of both analyzed ponds, a two-fold higher concentration of the metal in the Żelisławiec pond was determined (38.02 mg⋅kg [Baran and Tarnawski 2012) . On the other hand, considerably higher copper concentrations than in the present own study occurred in the sediments of the water bodies of the Szczecin agglomeration, amounting to 994.1 mg⋅kg −1 (38-fold higher concentration) [Sammel 2015 ] and in the Zesławice reservoir, where the highest copper concentration was 50.0 mg⋅kg −1 and was two-fold higher [Baran and Tarnawski 2013] . Similar copper concentrations were observed in bottom sediments of the Besko reservoir [Madeyski and Tarnawski 2007] .
Nickel concentrations in the sediments were from 11.89 mg to 50.08 mg⋅kg −1 and were similar to the nickel values obtained in the sediments of the Szczecin agglomeration [Sammel 2015 ]. The nickel range in the own study was higher than in the Besko reservoir sediments (25.30-37.50 mg⋅kg ) and almost four times lower than the mean lead concentration in the sediments of the reservoir no. 1 in the Szcze-cin agglomeration [Sammel 2015 ]. Similar maximum lead concentrations were determined for the sediments in the Zesławice reservoir (56.49 mg⋅kg -1 ). On the other hand, higher maximum concentrations occurred in the study of the city canal in Wrocław, at the Browar Piastowski measurement point (321.86 mg⋅kg [Madeyski and Tarnawski 2007] . In the study of Kazimierowicz and Kazimierowicz [2014] the maximum concentration was two times higher, whereas in the study of Sammel [2015] it was six times higher.
In the analyzed sediments, mercury occurred in the range from 0.100 to 0.249 mg⋅kg −1
. Concentrations of this metal in the own study were lower than determined in the study of Dziadowska and Noga [2008] and Rzętała [2012] . The highest mercury concentration was respectively fourteen and thirteen times lower than in the work of the above authors. However, these concentrations were similar to the concentrations obtained in the work of Bojakowska and Sokołowska [1996] from <0.05 to 0.52 mg•kg −1 . The evaluation of small water bodies contamination was conducted using maximum concentrations of heavy metals in the analyzed samples (Table 4) . Following the PIG classification [Bojakowska 2001], the sediment samples collected from the examined ponds are classified between the first and second class for pond in Żelisławiec, and from first to fifth class for pond sediments in Stare Czarnowo. In the studied ponds, the bottom sediments are primarily classified as moderately polluted (II class), i.e. those, which can be assumed as sediments in which the influence of harmful substances on aquatic organisms is rare. The highest nickel concentration obtained in the own study in the sediment sample from the pond in Żelisławiec classifies the sediment as average contaminated, for which the influence of harmful substances on aquatic organisms is often observed ( Table 4 ). The sediments classified as uncontaminated (I class) and moderately polluted (II class) can be freely managed in the terrestrial as well as aquatic environment, whereas III class sediments can be relocated in the water in designated areas, and managed to a limited extent on the land, since concentrations of certain metals may limit its use not only for industrial cultivations, but also exclude it from agricultural use [Bojakowska and Sokołowska 2001] .
Following the Igeo classification, the analyzed sediments remain between the uncontaminated class (I class) and extremely polluted class (VI class). In both ponds, the I geo values characterize metals, of which elevated amounts in the environment are related to the human activity-zinc and lead (Table 4) .
Due to the obtained values of the potential ecological risk index of individual element [E r ] in the examined period, the following series can be arranged for the sediments in the pond at Żelisławiec Ni>Pb>Cu>Cr>Cd>Zn, and for the pond at Stare Czarnowo-Ni>Cd>Pb>Cu>Cr>Zn (Table 5) . By evaluating the highest concentra- tions of heavy metals in the sediments, determined in own study, the analyzed sediment samples should be classified as sediments with moderate contamination risk index (Table 5 ). The level of the potential ecological risk (PER) for the sediments in Żelisławiec classifies them as sediments with low quality of the potential ecological risk, whereas for the sediments in Stare Czarnowo, as sediments with moderate level of the potential ecological risk (Table 5 ).
The statistically significant differences between the analyzed layers were observed in Żelisławiec for manganese (0.009), zinc (0.250) and mercury (0.010), and a statistically significant difference between the examined points was determined for potassium only in the sediments from the pond at Żelisławiec.
CONCLUSIONS
1. The highest concentration of the studied heavy metals was found in the top layer 0-5 cm in Żelisławiec for cadmium, cobalt, chromium, copper, nickel, lead, zinc and mercury. 2. The concentration of the studied heavy metals in individual layers decreased with the depth of the sediments. 3. In both ponds, the highest I geo values characterize the metals, of which elevated amounts in the environment are related to the human activity-zinc and lead. 4. Pool sediments in Żelisławiec are classified as low quality of the potential ecological risk, whereas the sediments from the pond at Stare Czarnowo-moderate. 
